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集过程中由物镜到 CCD 之间的杂质所造成的影响消除，收到良好效果。 
第三，对硅藻显微图像进行图像分割。分别分析了基于自动阈值的方法、直
方图搜索法、轮廓叠加法、边缘检测模板、Canny 法、基于区域方法和基于 Top-hat


























人工神经网络中的 BP 网络对 6 类圆形硅藻进行识别；采用 leave one out 方法进
行测试， 终识别率达到 96.2%，效果很好。 
与此同时，本文还初步构建了一个基于网络的我国沿海常见浮游植物分类信
息和生态分布信息的数据库，其网络查询界面可实现多分类参数查询。目前该数























Research on Automatic Identification of Marine Diatom 
Microscopical Images 
Abstract 
Diatoms are a large and ecologically important group of unicellular algae found 
in water and other places wherever there is humidity. Diatoms have applications in a 
number of areas like redtide monitoring, aquiculture, water quality monitoring, 
environment investigation, paleoenvironment analysis, oil exploration, forensic 
pathology. All these application require identification of different species present in 
the sample of interest. In fact, the identification and taxonomy of diatoms is based on 
the morphological characteristics of their silica valves including shape and texture, 
and these morphological characteristics vary greatly between species and genera.  
The microscopical scanning system, image processing and pattern recognition tools 
could be used for identification of diatom. 
In this article, we have proposed a framework for automatization of diatom 
identification by microscopical digital image analysis.  
At the stage of image preprocessing, the goal is the enhancement of the images 
of diatoms because there are impurities between the objective lens and CCD. We 
implemented an arithmetical divide method and have a good result. 
At the stage of image segmentation, several segmentation techniques were 
analyzed covering all standard types and new methods, i.e., threshold techniques, 
histogram searching method, contour superimposition methods, boundary-based 
methods, region-based methods, and techniques based on top-hat transform. The best 
results were obtained by a new hybrid method based on top-hat transform. We also 
present an approach to do the segmentation adjustment using robust regression for the 
round diatom. 
To classify the diatom using the contour information, we describe several 















followings: the roundness, ellipticity, triangularity, rectangularity, and the 
width/height ratio. And we use the decision tree to classify the contour feature pattern, 
the threshold of conditions arise from the experts experience. The experimental results 
show that the classification accuracy is good from the 49 image in a set of 11 kinds of 
diatom. 
 We also present methods used to analyze the texture characteristic of round 
diatom. Our approach combines grayscale morphological granulometries and Fourier 
spectrum features. The classification accuracy is tested using leave on out methods. 
The classification carried out using a BP neural network get a promising result of 
96.2% from a set of image including 6 kinds of round diatom. 
We also provide a web-based ecological database of common marine 
phytoplankton in coastal waters of China. The database contains species description 
information and 704 characteristic images of 144 species or varieties of common 
phytoplankton including 93 species of diatoms and 40 species of dinoflagellates, 
especially red tide causative organisms. 
 




























绘图[2]。直至现在，据估计，硅藻种类多达 20 万种，据估计，硅藻种类多达 20
万种，大部分未被描述和命名[1]。世界范围内已记载的大约有 300 个属 12000 种，
















































































































































































光光谱。利用荧光光谱鉴定浮游植物色素种类的研究开始于 20 世纪 80 年代。
如美国研究者 Yentsch[13]根据叶绿素/辅助色素比率（chlorophyll accessory pigment 
















藻，绿藻四大类。目前, 德国 bbe2moldaenke 公司制造的荧光藻类分析仪，可测
定并储存五个门类浮游植物的荧光光谱指纹，用于浮游植物的分类。但是该仪器
尚无法区分硅藻和甲藻，原因是二者的激发光谱和发射光谱非常相似。张前前
（2004）[14]对中国东海 6 种分属于 4 个门类的赤潮藻种的三维激发/发射荧光光
谱进行分析，实现了对一种金藻、一种绿藻和中肋骨条藻等三个物种的识别。 
3．高效液相色谱法。该方法自 20 世纪 80 年代用于浮游植物色素组成分析，
是目前唯一被广泛接受的准确测量叶绿素含量的方法。1996 年，澳大利亚的
Mackey 开发出程序 CHEMTAX[15]，并结合 HPLC 分析浮游植物的色素组成，估
算出不同类别浮游植物的数量。它利用每一个藻种色素比率的差异，通过反复地
优化一个包含每一个藻种的色素比率矩阵，来定量地确定浮游藻类种群组成和丰




（2）基于 DNA 等遗传物质 












RFLP(restriction fragment length polymorphism，限制性片段长度多态性)和 RAPD 
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